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NATIONAL ADVISOBY COMMITTEE FOR AERONAWICS

RESEARCH MEMORANDUM
for the

Air Materiel Command, Army. Alr Forces

DEVEEOPMENT oF OU‘I'BOARD NACELLE
FQR THE E-36 AEPLANE
"By Robert J. Nuber )

STMMARY
An investigation of 'bwo -.E-scale model configurations of ‘an

. outboard na.celle for the XB-36 alrplane was made in the Langley two-
dimensionel low-turbulence tunnels over &. range of alrplane 1lift
coefficients (CL = 0.409 to Cr. = 0.943) for three representetive
flow conditions. The purpose of the investigation was to develop
& Yow-drag wing-nacelle pusher combination which incorporated an
internal alr-flow system. The present investigation has led %o’
the development of = nacelle which had external drag coefficients
_of pimilar order of magnitude %o those obtained previcisly from
tests of an inboard nacelle ‘configuration at the correspon&ing
operating 1ift coefficients end from approximately one-'ﬁhird_. to
one- half of those of conventional tractor designs ha.ving ‘b}:le same
ratio 6f wing thickness to nacelle dismeter,

It was found that the total drag of nacelle configuration 2,
in: general, was lower than that of nacelle configuration 1 for the
flight conditions Investigated entirely because of' the improvements
mede in the Intermal ducting system. At the simulated 40,000-foot
climp' condition, the extermal drag of nacdelle configvra.tion 2,
corresponding ‘to a 1ift coefficient of 0.912; was approximately
52 percent less than that of configuration 1 due to increasing the
stagger angle and 1ip radil of ths alr inlets.

The results also indicated that the cooling fan might be
required for the 40,000-foot cruise condition and almost certainiy
will be required for the 40,000-foot climb condition.,

INTRODUCTION

A series of investigations were mads' in-the Lengley low-
turbulence tunnels in an effort to develop satisfactory pusher-itype
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nacelles for the six-engine Consolidated heavy bomher designated
XB-36, which incorporate ducting systems designed so that the
oooling alr is admitted at the wing leading edge. The results
of one series of investigations, dealing with an inboard nacelle,
have been presented in reference 1. The present investigetion 1s
concerned with the development of an outboard nacelle.

The f£indings of reference 1 were teken.into consideration in
the design of the initial outboard nacells configuration. The
basic design 1s similer to that given as configuration 3 of refer-
ence 1, but differed slightly from this configuration because of
the smeller chord and thickness ratio of the wing. The nacelle

was constructed to - scale and was teosted in conjunction with an

NACA 63(420)-1( 20.7‘1)L (approximate} alrfoil at & Reynolds number of
approximately 1.7 x 10° through the complete calculated flight
range of 1lift coefficlents for three representative flow conditions:
nemely, 10,000- and 40,000-foot crulse amd 40,000-foot climb. The
effects on external nacelle draeg of refairing the nacelle upper
surface and installing fillets in the wing-necells junciures were
determined. It was found desirable from these proliminary tests

to make several modifications in an effort to improve the flow over
the nacelle and through the ducting system. These modifications
consisted of changes to the air inlets and dvet shepes. The
resulting configuration was tested for the flow conditions proviouely
1ndicated.

It is of interest to note that the nacelle configurations
described herein differ. in geneoral appearance from those on the
three-dimensional installation described in reference 2 due to
wing' sweepback, plan form, and thiclkness tapsr. The results

presented in thls paper, therofore, may be influenced by these
factors.

I

COEFFICIENTS AND SYMBOLS

CL _ airplane 11ft coefficient

c3; model 1lift coefficient

cza airfoll section lift ooefficient
cq, airfoll section drag coefficlent

. Cpp nageile totei'draglcoefficient
)
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CDP nacelle external drag coefficlent (CDF - CDi)

CD:L calculated drag coefficient caused by internal flow
(exclusive of engine charge air)

a airplene angle of attack

model angle of asttack

o

ag sectlon angle of attack

7

dyneamic pressure (-’35-)

2 2 <4 o

Q
mass density _
veloclty mea‘au_:'c'_'.éd ‘at point of subscript
model nacelle frontal ares (38.2.sq in.)
‘volume rate of Plow through duct
c - ;:nodel'wing chord (16.37 in.)
R Reynolds number based on chord f_o__}of_’_)
A d.uot _éros's-sectional ares !
%—H- I_’;w_;éz_-'age total-pressure defect coefflicient K
-@E | .t-o:t;ﬂ'.-ﬁre'ssure loss coefficlent a,'crosa"barjfle .
o i
% inlet~velocity ratio (i‘—; (—F-%—)n>

u coeffioient of viscosity
Subscripts: ‘

o in free stream

n in duct inlet

e ."in d.'u'c.'b exit )
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MODEL AND APPARATUS. . .

~ Both configuratioﬁs 'discussed hereln represented an outboard
necelle for the ¥B~36 airplane and were constructed to =£ scale.

The nacelle deaigned for pusher propellers had a frontai area of
38.2 square inches and was mounted on the center section of a
16.37-inch chord wing section of 36-inch span which was bullt to
the contour of an NACA 63(420)-4(20.7) (epproximate) airfoil which
. corresponds to the mection at the center line of the nacelle.
Ordinates for the plain airfoil, which was tested with and without
the nacells, are gilven in percent of airfoll chord In table I.

Configuration l.~ A general outline of the model is shown in
figurs 1. Cooling alr for the englne and Intercoolers entered the
common duct at the wing leading edge while alr for the oll cooler
and engine charge entered the underwing sir inlet as shown in
figure 2(ae). The engine and intersooler alr exhausted through the
outlets shown in figure 2(b). The oll cooler and engine charge
air exhausted through the outlets indicated in Figure 2(c). Several
views of thls configuration hefore being aseembled are presented
iIn figure 3.

The circular tapered plug flap in the engine cooling-air
exit slot (fig. 2(b)) was moved fore and aft to reaulate the
engine alr-flow rate, while flush-sliding snd hinged-flap doors
(fige. 2(b) and 2(0)5 were used, respectively, to regulate the .
rate of alr flow through the interccoler and oil-cooler cocoling-
air ducts. A clay constriction within the engine-charge-air
duct(s) at a point near the exit(s) was used to regulate the
charge-air flow.

Thin multiple~hole orifice plates, referred to herein as
baffles, were lnserted In the ducts to simumlate the resistance
of the various heat exchangers. The locations of these bhaffles
are shown In flgure 1. By covering a sufflcient number of the

orifices with cellulose tape, the total-pressure loss coefficient %%

called for in the test specifications (table II) wore obtained for
each of the flow conditions investigated. No heat was added %o
simulate actual flow conditions.

The model with large and smell beever-tail fsirings and with a

wing-nacelle fillet is shown in Tigure 4. These modifications
-were made with modeling clay. T



-

Configuration 2.~ This configuration, shown in figures 5
end 6, incorporated.changes to the lowsr lip of the upper duct
inlet, underwing air inlet, and the engine .charge, oil-cooler, .
and intercooler ducts of configuration 1, A sketch showing the
revisions made to the leading edge and underwing air-inlet shapes
along the nacelle center line is presented in figure T.. As a’
result of these modifications, the.underwing air-inlet area was
increased with a comssgquent reduction in.inlet veloclty for given
flow rates. The engine charge-alr duct outlet areas were retalned;
the ducts, however, were redesigned to permit the discharge alr
to flow parallel to the thrust line, ITn an offort to reduce the
total-pressure losses, both the oil-cooler and intercooler cooling-~
alr ducts were modified forward of the respective baffles, the
locations of which are shown in figure 5. The contours of the
" intercooler cooling-air duct outlete were refaired (figs. 1 and 5)
to discharge the air along the wing-nacelle juncture(s).

NACA RM No. L7G25 L . — S e 5

. The pressure drop and the rate of flow through the various’
ducts were adjusted in the menner indicated for configuration 1.

"TESTS AND TEST METHODS

Tests of the nacelle model and plain airfoil were made in
the Lengley two-dimensional low-turbulence tunnels. The tegts
included measurements of 1ift, drag, internal-duct losses and 'botal-
presgure surveys et various s’ca‘bions within the duects at a
Reynolds number of approximately 1.7 X 106. The slr-flow charac-
teristics over the nacelle at the alr inlets aud outlets and in
the wing-nacelle junctures were determined by photographing the
reaction of tufts. Additional drag meas gments of configuration 2
wers mede at & Reynolds number of 4.3 X 100 for the simulated ..
cruise condition -at 40,000 FPeet.

.~ Por esach simulated flow condition, the ‘drag was measured at
gix model-1lift coefficients corresponding to calculated ailrplane
11ft coefficients ‘submitted-by the manufacturer. The nacelle .
drag coefficients obtained were based on the nacelle Frontal
areg .of 38.2 square-inches, which is saulvalent. to 52 squarec feet
full scale, and‘were. de‘bermined from wake surveys by. the methods
described in reference 1. . _ .

‘Th ‘evaluating the influence of iiiternal fl'ow ‘on thé naé:elle'
characteristics, the following assumptions were made to facilitatbe
the tests. The vallidity of these assumptions is substantiated in
reference 1. It was assumed that no avpreciadble changes in the
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11f% characterlatics occur with chenge in infternal flow for given
angles of attack. The 1ift coefficlents were measured, thorefore,
only at the beginning of the test and were corrected for tunnel-
well constriction effects by the methods described in reference 3.
It wae also assumed that the aversge loss in total pressure betuween
the rear Face of the baffles and the cooling-air outlets, aboub

1 percent of the free-stream dynamic pressure, is negligible. The

total~-pressvro loss coefficlents oF . across the baffles wers

determined, therefore, by subtractggg the average total pressure
at the exits from that at the front face of the baffies.

. R;ESU'LTS AND DISCUSSION

Aerodynamic force and internsl pressure loases teken over
a renge of flow conditions including simulated cruise and ciimb
operatlon.requested by the manufscturer. (teble II) ere.presented
in tabular and graphical form. The drag data, taken at a model
11f% coefficient of 0.845 which corresponds approximately to the
crulse 1ift coelfficient (Cr, = 0.695) of the airplane, are swmmerized
in table IIX vhers results for similar flight conditions of
configuretions 1 end 2 are given on the samo line to facilitate
comparison. The complete test results for configurations 1 and 2
are .presented in tables IV to IX and X to XITI, respectively. .
The 1ift end drag characteristics of the plat alrfoll, obtained
at Reynolds numbers of 1.7 x 100 and k. 3 x 100, are presentgd in
Pigure 8.. The model was maintained in.an aerodynamically smooth
‘condition during all dreg tests.

. 7 Preliminary moasurements ofémodel 1ift ccefficient were made
at a Reyndlds number of 1.7 X 10° with the cooling-air outlets
approximately half open and with the baffles removed -from the ducts.
The curves presented in figure 9 indicate that the differences
between configurations 1 and 2 had no effect on the maximm 11if%
coefficient, but the slope of the 1lift curve with configuration 2
was approximately 0.01 lower then that with configuretion X, It

is seen by comparing Pigures 8 and 9 that the addition of the
nacelle to the plain eirfoil caused a k- percegt reduction in
maximom lift at a.Reynolds number of 1.7 x 10

The results obtained from tests of configuration'l with the
baffles removed from the ducts (tables IV to VI) are presented in
filgure 10 as the varletlon of average total-pressure defect

coeffiéient %gﬁ at the cooling—a;r outlets vithjflow coefficlient é%—.

o
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Since 1t had beeﬁ assumed that the average loss iﬁ'tdtal pfessure
_ between the.rear face of the baffles and the cooling—air -outlets

- AHg
wae negligible, the values of ——— given in figure 10, were used

for runs &, 5, end 6 (tebles VII to IX) as the equivalent of
average total~pressure defect coefficients at the Pront Pece of

AH
the baffles.. From these data, therefors, the measured 132 for
runs 4, 5, end 6 were subtracted to determine the values of the

total-pressure loss coefficients &R across the baffles.
o)

Drag.— Comparison of the drag charaoteristics hetween cbn-:
figurations 1 and 2 for the simulated crulsse condition at - i
sltitudes of 10,000 and 40,000 feet and the simulsted climb con-
~dition at Lo, 006 feet is presented in figures 11, 12, and 13,
' respectively.

It 1s seen from a8 reference to flgures 11 and 12 that ﬁhe
inerease in flow regquired for satisfactory engime cooling at the
" higher altitudes (one intercooler and one turbo) causes the total
nacelle drag to increame; the internal nacelle drag increases -

" - more rapidly with flow. rate then does the total nacells drag. - The

external ‘nacelle drag, therefore, decrsases wlth increasing flow
rate because of the improved alinement of the inlet lipsfaﬁ the
higher valves of inlet-velocity ratio. :

.+ A comparison of the external-nacells-drag results for the
pimulated cruise conditions at 10,000 feet (fig. ll) -and ‘40,000 feet
(fig. 12) Indicates that at the corresponding operating lift
coefficients the external drag.of comfiguration 1 is about 3tto
6 percent below that of configuration .2, The smaller internal
nacelle drage of configuration 2 as compared with configuratipn 1
due to the decreasss in duct losses more than cqmpensate the

‘slight 1ncrease in external nacelle drag. 3
For the simnlated climb condition at 40,000 feet. (fig. 13),
the external nacelle drag of configuration 1 is sHown to be
unsatisfactory through the range .of 1ift coefficients investigated.
It was Por. this reason, in-partlculsar, that ‘the model was modified.
"The totel drag-of the modified model, in gemeral, (configuration 2)
1s lowgr than that of nacelie configuration 1 for all flight
(.conditians investigated entirely because of the improvements mede
in the Internal dueting system. At the simnlated 40,000-foot ¢limb
condition, the extsrmal drag of nacelle configuration 2, corresponding
to a 1ift coefficient of 0.912, was found to be approximately :
52 percent less than that of configuration 1 due to Inereasing the
stagger angle and 1ip radii of the air inlets.

v, . -
. e . -
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Tt is to be noted that the pressure drop across the baffle
similating the engine for the rums indicated in figure 12 (crulse
at ho,ooo-feet) was unobtainable with the required flow coefficlent.
Since the heating and propeller effects were not simulated,
definite conclusions can rot be drawn regerding the sufficiency of
the avalleble pressure drop. The present data indicate, howcver,
that the cooling fan might be regquired for the 40,000-foot cruise
condition and almoet certainly will be required for the L0,000-foot
climb condition.

It is pointed out in referencs 4 that extermsl nacelle draesg
tends to decrease with:decreasing relatlve nacelle diameter until
the nacelle diameter becomes equal to the wing thickness. In the
case of the nacelles for the XB-36 airplane, not only are the
differences in external. nacelle drag, between configuration 2 of
this papér and configuration 3 of reference 1, small for emy of
the three flow condltions investigated at the respective operating
11f% coefficients, but the ratio of wing thickness to nacelle
dlameter for the outboard nacelle is smaller than that for the
inboard neacelle. - Under these conditions, therefore, the drag results
obtained from tests of outboard nacelle configuratiqn 2 ure less
then expected ‘on the basls of the inboard nacelle results. -The
external macelle drags of the pusher-type nacelle (configuration 2)
described in the present investigetlon are approximately one-third
to one-helf of those of conventlional tractor nadelles (referencee 3
and 5) of equivalent ratio of wing thickness to nacelle disameter.

" The effects of increased Reynolds number on. nacelle drag for
the simulated cruise condition at ¥0,000 feet {configurntion 2)
are shown in figure 14. The Dbaffle adjustments end’ cooling-air-
outlet areas were the same for runs 8 and 9. Since scale effect
on pressure drop ig not normally the same for the baffle as for
the Full-scale installation, no attempt was mede to meagure the
totel-pressure losses at the face of the. baffles.

The external fairings added to configuration 1 axe shown in
figures 4(a) to k(c). The offects of these modificationa on
nacelle drag were determined at an airpleme 1ift coefficient
of 0.695 for the flow conditions simulating cruise at 10,000 feet
(one intercocler snd one turbo). It was found that only small
variatione in extornal nacelle drag, within the limit of experi~
mehtal accuracy, oxlsted as a result of adding the beaver-tall-
ghape fairings and wing-nscelle:fillets %o cqnfiguration 1. Im
view of the probable weight increese entalled, these modificeations
were conaidered undesirable and ‘the tests of this nature were
dlscontinued. T . . .
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Total-pressure defect in cooling-alr ducte.- The veriatidn of
average total-pressure defect with chordwise position within the
engine, intercooler and oil-cocler cooling-air ducts 6f éonfigura-
tions 1 and 2 are presented in figures 15(a) to 15(c), respectively.
For these tests, the total-pressure mesasurements were made over a
range of 1ift coefficients Prom 0.409 to 0.943 with the flow retes
and pressure-drop coefflcients adjusted to simulate climb at
ho, OOO feet. 3

The major differences in the average  totsl-presgsure defect
through the engine.cooling-alr duct of configurations 1 and 2
occur at.sn airplane.lift coefficient of 0.943. At this 11Pt -
coefficient the losseg at the front sper, ¢ooling fan, and rear of
the diffuser of configuration 2 are, respectively, sbout. 17, 60,
and 75 percent of those of configuration 1. These lmprovements
in pressure recovery are atbtiributed to inoreasing the staggsr
~angle and lower . lip radil of the leadingz-edge air inlebt. .

The improvement in the pressurs recovery Within the inter—
cooler cooling-alr ducts of configuration 2 as compared with
.configuration 1 (fig. 15(b)) between the front spar and baffle
-1g due to the comblnatlion of refairing the ducts to reduce the

velocity and . to increaping .the. stagger angle and lower 1lip radii
" of .the leading-edge air inlet. The differences in the itotal~
préssure recoverles at the oil cooler (baffle) front face mey not
be as large as shown by Pfigure 15(c) because of the differences in
-location of the baffles (figs. 2 and 5) and, hence, +the. position
of measurement. Since the location of the baffle in. the ol -
cooler cooling-air duct of conflguration 2 more nearly approximates
that of the full-scale installation, the results for comfiguration 2
ere consldsred appliceble and are more favorshle as compared with
configuration 1 due to increasing the underwing air-inlcet .ares,
1ip redii, and. stagger angle and to refairing the entire ﬂuct up

to the baffle. . . o _

Design considerations.- Moving-plcture records of the behawior
of tufts attached to the wing and nacelle were obtained with the
flow rates and pressure drop coefficients adjugbed to -simulate the
cruise condition at 40,000 Peet (one .intercooler and che turbo).
These records (not shown) indicated that the discharging intercooler
cooling alr alleviated the stall condition in the wing-nacelle
Juncture, particularly at high angles of attack. It is thought,
therefore, that for those fiight conditions requiring single inter-
cooler operation, some lmprovement in external drag may be realized
by opening the auxiliary intercooleor cooling-alr outlet door so thab
the discharging air will flow inbo-the wing-nacelle. juncture.
Propeller operation, as shown in reference 2, does not appear to
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alleviate the stall condition at the trasiling edge of the wing in
the vicinity of the nacells at high 1ift coefficisnts. For this

reason, further reductions in nacelle drag with power on are not

bolieved probable.

CONCLUSIONS

Two-dimensional wind-tunnel .tests of two f—-scale\model con~-

figurations of an outboard nacelle for the XB- -36 alrplane wore
obtained, for the most part, at a Reynolds number of about 1.7 X 106
over a range of 1ift coefficients at three representative flow
conditions. The resulits of these teste have indicated the
following conclusions; .

1. The ‘totel drsg of nacelle.configuration 2, in general, was
lower than that of nacelle configuration 1 for all flight conditions
investigated entirsly because of the improvements mado in- the Anternal
ducting system,

2. At the simulated 40,000-foot climb cond.it:lon, the external
drag of nacelle canfiguration 2, corresponding to a 11ft coefficient
of 0.912, was spproximately 52 percent iess then that of configura-
tion. 1 due-. to increasing the stagger engle and 1ip radll of the 5
alr inlets.

3 The external drag coefficients of nacelle configuration 2

. &re. approximately one~third to one-half of ﬁhose of conventional,

tractor designs having the ‘Bame ratio of wing thickness to nacelle
diemeter. CoL, .

4. The cooling fen might be required for the LO,Q00- foot
crulse condition and almost certainly will be required for the
40,000-Poot climb condition.

P
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ORDINATES FOR THE NACA 63(420)-4(20.7)(approx.} AIKFCIL

TaBLE I

[stations and ordinates

ziven in percent

of airfoil chord]

[ StationT Upper : Lower

: : surface . surface

f 0 o.ugs E 0.867

312 1.283 i 1.723

.62 1.796 . 2.

1.255 2.%37 ; 2.3%%

2. . ; . 03

595 | i3 1238

5.0 5.265 . 5.053

7.5 6.530 i 5.907

10 580 | 6.585
12 <307 . T.0L3 !
12.5 8.h72 I 7.1LT i
15 I 9.230 5.605 |
P20 I 10.439 .289 |
.25 | 11.300 8.517 '

v 30 | 1l. 1% 3.369
] 5 , 11.35 8.74h1 i
i 1o 11.881 8.%93 !
. L3 11.716 8.106
P45 11.563 7.898
50 11.056 7.232

. 55 10.390 6.512

60 3.272 3.687

‘ 65 . 15 .801

L 70 Z'?ﬁ7 g.agg
! 43 5.070 12879 j
’ 88 2.Zg7 1.1%2 5
! 85 ; 1:19; 1é13 j
} 100 | 0 o

| L.E. radius:

3,360

———

y — ¥
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TABLE II.- TRT SPRCIFINATIONS FOR f;--acm: MOTEL, OF XR-16 OUTBOARD NAUETLE

Etmopt as noted, all rums v;gg made in the Langlay two-dlmennional low-turbulence tunnel at A Reynolds number
3

of approximataly L.68 x

whan aingle intercoolor or engina-charge-air operation waa required the right

hand axitm were sealed; flap and flush type loorn were used reapactively on the oil-rcoler and interconler
cooling-air outlets]

S
Run
Engine 011 conler Interoocley Fagine
Oonfig~ | cooling atr voaling atv cooling afr | obaTee
urstion alr M?::')’“ c;ﬂ’{m o, Remarks
ratlon) S on
11e | X ae L. & e 8 L.
7, % N, 9 ¥, % ¥,
..... —t .
1 040250 | vevun | 00068 [ nm-=- | 0.0010 | ~=er- 0.0030| 10,000 Cryise 0.603
2 0370 | emwem 0130 | --=-- 0069 [ ~rere L0059 40,000 Cruise 667 5[ No barflea .
a3 QN0 | <mewm 0176 | ~=~e- 0164 | wemne 0113 40,000 Climd «912
bt Q0252 [ 0.20% 0,105 | 0010 | 0.017 [ .0030{ 10,000 Cruise 605 | Kffocts of beaver-tail fairinge end fillets on drog determined
for sonfiguration 1 at Cp = 0.69%
5|8 W30 | | 010 . 0069 | 360 | 0099 k0,000 | Crutse 667 | Behavior of ggﬂ:e on, nacelle and ving wero photographed
9 0370 | (o) 010 { (o 0069 | (o) 0079 ko ,000 Cru{se 67 [R = h.28 x 100, TOT
% (80 | 0% | max 0176 | 0165 | 27 | 0113 k0,000 Clinb 612 | Total preasuro recoverien msasured in cooling-air ducts

Bpoth interccoler and sngine charme-air ducts open.
Yhwp-dimensional low-turbulence pressure tuonsl.
CHamn baffle metting an yun A,

NATIONAL ADVISORY

QOMMITYEE FOR AERONAUTICS

TABLE IIX.- TEST RECORD FOR #-BGA!S MODEL OF XB~36 OUTBOARD NACKLLK

[Remurta yressuted for oy = 0.695]

Configuration 1 Conf{puration ¢
) Engine (041 coolsr |Intercooler m;: :h;l.no 011 cooler |Intereosler |EP8ime
ooling sl 11, 1 11 1 00! air |oool al 11, iy [506
r\mn“'hh‘l-o g air |oocoling air |oooling air alr cn' CDP R\m;"‘f"l’abho ing oooling air |cooling air ALy GD,- ch
ure
LI - A L ja Q AP AP (a) | (a)
EAR R B | !3; [ 1'3;
1{10 (1 0.,0070
Pl 0129
jlw]|v ,0180 L
Yl wx 7 7in| x 0.09610.2000.0065o.u'ro.ooloo.ooqo.ooaqo.ohge 0776
5|12 [vint 07| 0139 8 rj xx | .03sk| .639] .0133] .38 .0070] ,V7I6| .006L[ .07R8| .0762
and
1
o f v [xxx | o1 (B) | .o130( (®) | .0071| (%) | 0058] .0TL| .0°60
6113f mx | .ou05] a2l .018] 670 0164 Jhop| O100| W1737| L0690 ] 10 | 13 {xyXT | .Oh6h] S)h| 018 .687] .0176] .Sl9| .0LLL| 0998 .0221

%btained from faired curve plotted agatnst Cp.

oot mennursd,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

GgDLT "ON IN¥ VOVN

g1




1

TADIE IV .- REBULTS UF COOLING TFSTH OF j3-BCALR UODEL QF YR-36 OUTROARD RACKLLE
L WITH LEADTRG-RDGE AIQ INIETS
CONPIFTE MODEL 1OWER DI'CT INIET
CUNFT(MIRATION l' 011-COOLRR LEFT-TAND ENGINF CRARBE-AIR DUCT
ATRPLANF n c Cp LA ".}""' anm,
: “ ’ - 1" Euur o T"?;, c"l :t_fr -Ifa\',;L ;-3_., cnx
al €, INTERNAL TOTal, FEXTERNAL M;gujmrpm BAFR1E{PAPFIF
b_g,gosv o.szj\ 0,350,110 | T 10,0073 | PG| T | 10,0033
.589] 726 N\ 3l a0gl— = | wona | ——{ 20| — | = 1| .00%2| —
6.2] 4695] .84 o330 22| —— ] 0070 | —— ] 20 |[—— )] .0032| ——
0] +767] +9 37— | | 0069 —— | 16| —|— | .0032| — "
B2 .875]1.0 B2l 1~ leooéyl—— |}~ ] .,00%52|
0] 93 1,1:2_ﬂ G2l T |7 0065] T 113 1| 0032 —
UFPER DUCT INLRT
ENGINE ATIR DUCT 1FFT-HARD INTERCOOLFR DUCT
c v AH AR
l ) - & L S e 7 | @
EXIT '—qf— -—r-v—; EXIT 1, ”0 1
saberglparrL BADCR[RAPPLE
p.526k3900.087| — | — P.0256] — p.029} — | — lo.v021{ —
«726].39) 086 —— =] ,0257| —— | J028) | —| .0011| ——
Ai5),39] «096] T |1 .0257) T | L030§ | | 0011 |
24| 39| L1 | 0S| L0368~ | ] L0001
B .045) .29} 2650 ——]— ] .0256]—— ] JO5h|— || 0002 |
21211.39] 2390 T | 0257 T b L0790 — | | J0012
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TARIE V.- RESNL?A OF COOLING TERTS OF ,'—‘I-.smu: MOOEL OF XB-96 OUTBOARD NACELLE
L VITH LEADING-ENGE AIR INLETS
CONPIKETE MODEL IOWER DIICT INLEY
CONFLIIIMATTON 1 arl-Cogren TEFT-HAND ENGINE FRARGE-AIR NUCT
A TRPLANE ¢ Cp Cp LY 28 %—E-
“ " ’ : K n!qx‘:- %E_ 'F"g'd c"l EI(;T J}DE % cD:
al| T |eeremmar] ToTan jRXTRRWAY oaie Trarrie ST Py
%, 010106 0,624 265100274 — | ——0.0136 | —— | 0.10d — | —— pp.o0b2) —
0] .589] .726 \ B3] 2B || L1321 | o090 — | —| .0062| ——
6.2 +695] 845 2] 28— |——| .0129| ——| .o98| — 20081} —
1o 7678 +9 61| 28— [~—] 0126 |—— | .096] — <0060 ——
B.2] +875 1-0@7 .59] 208 — | — | .o122| ——| .10 —|—] ,0050] —
.0 «9k3[1.121 \g& B2 1™ | om8) T} Wl ™™ | Loose] T
OPPER DUCT INILEY
ENGINE AIR DUCT TE&FT-EAND INTFRCOOLFR DYCT
o v '?:.""" Zf_n_
Yo “:, %-DE- }%; %, BT '33 rso ‘o,
|oaRFrsfparerr PaFPrE[PAFFLE
052600, 630, 127) ——| = |o,,0367] —— .20y | —|— |o.0066] —
o728 o6l 33N —— | —| o370l | .235|—— | —| .0088] ——
85l L6 U2 —— | —| ,0369] —— | .28 |— |—| .0068] —
92l L6l J179| — | ——| 0362) —— ] 01| [|—] .0067| ——
0,045 L62| 235 — | — | 0360 —— | 3771 — .0068] ——
1.12) 63 298 || 40365 | 455| ——| | .0067]
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TABIE VI .- REBULYTS OF COOLIRG THERTH OF ﬁ-BCALF. MODEL OF XB-~-30 OUTDOARD NACELLE
BULA WITH IFADINO-EDGE ATR INLETS
COMPERTR WODEL LOWFR DUCT INIET
CONFIG'RATTOR 1 NIL-COOLER ENGINIE CHARGE-ATR DUGTS
A TRPEAKF, & n, Cog Fo, -;:- "2":' Ap N ‘, L‘.:_ wl o c,
- . EXIT T, | Fv, 1 EXIT T, | v, !
a]l i |retransy torar FXTRREAI ARG [RAFFLR leaftieloarrin
0p0.110910.526 | B 1 olo76] —— | .0192 | — |0.187 — lo.on17| ——
0] .589] .726 96 bezl— | .08 | —| 28| —|—] .o13] ——
b2 695] 88| N | .98 es| 1] ,on80) —| a8y~ |——] o3| —~
0 767} .92l O A~ |~ oa76 — | a8el——[——| 12—
B.2]_875]2.04 O B0 T | T LOu69 )T Al T ] L0100 T
0] Si3]141 \.8& 02— | .oné2) — | J89 T | ] L0108
OPPER DDCT INLRT
EKGINE AXR DUCT INTERCOODLER DUCTS
| An EY ]
Y 2 A e | ¢ ) Ap qa |
.“!xn “q‘s— —ﬁ; i ‘E!IT _q; ",u 1
BAFF‘LE[HAF?I-'-' mr%m BAFFLE

o.526J0 92002651 — | — b.ou7s| —— lo.3z8] — | — lo.o156 | ——

J726) 492 268 — | — L 75l —— | h8l— |— | 0160 ——

o845 4920 gl —— | —— | .oyp2]——] 358 ——|——| .on60| ——

292l ,92] 186~ | | b9 | 3771 | L0161 |

L 0h5| «86) 330 — | T |L026 | = | M5l ] 0063 ——

po123) | W T [T o8| sl T T | Lon6} T
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TARLE VIT .- RFSULYE OF COOLING AND DPRAG TRATS nF .:;—R(‘.A!.F NODEY, OF XR-3A OVTROARD NACFLLE -
RN 4 WITH LEADING-EDNE AIR TWNLETS .
COMPLFTR WODEL © LeweR prer Wi
CORFLANMATION 1 OTL-COOIER LEFT-RAND ENOINE CRARGE-ATR DOUCT
ATRPLANR “p n €p - {'rﬂ "{:*"' 4 L'
- f ‘ ’ i ’ i:n':r %{‘ 73;, “r, EXIT ";"E' ',%: c":
al 't rATEnNAL] TOTAL [RITRRNAI mandy g [paFrisy RapeLe|APPLE
5000110910526 0.0129 0. 0505 [0.0376 b.33)0. 10 0,222|0.127] 0. 00700, 0016 0,03l — 10,0031 ] 0.0001
589 .72d .0129] .0h60] .0339] 32 .101] .206] .205] .0068] .00M5) L0361 |7 0051} .0001
k2| ,695] . .0130]_.0473]| -0343| 3R] L10] .205] ,101] .0067] 00| aQ42d ™| "1 40030] «000L
W00 o767] <92l .o13hi .0535| .oho1| .31l L110] .201] #0921 .0086) J00Ll] .O42] || ,00%0] .0001
B2| 875]1.049 .ony7| .10ho| .0893] 3 .12l .289] .065] L0065} (0023| Lohl T )™ ,0030]| 0001
20} .93 1.' L0177 ] | -39 .135] .200] ,065] .0063] ,0013] Joho]™ || .0030] .000L
UPPER DUCT IFLKT
ENGINE AIR DOCT LEPY-NAND INTERCOOLER DUCT
° | Ya o -F
" nx:-r qu‘... -?_3. fo, T %E rg Co,
Jghﬁ'ulmrrm ¢ LT P ’
0,52610.37 0;07810.1;;1 0.333]0.024200,012% [0.029] 0.0 d0. 0211 0,001110.0000
726) 37| 078 Jan) 536 Lo02l3) L0113 ] .028] .old L01%| Lo021] .0000
45| .37] w001 Ji19| 4328 0oLl ,0116] .030{ .o0hd .022] .0011] ,0001 |
92l .37 »208 30| .322] «0243] J0129] ,026] .47 (011] .0C1Y ,000
Lohst .37l 2158 U750 .327] .023| L0113 LO47| .059 .01l2} .001) .000L
121] .37 258 .556] o320l .025] .0163 | .079] .082] ,003] ,0012{ .000]
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TADIE VITT , - AESNLTE OF COOLING AKD DRAR TEITS OF :.-RGM.R MODEL, OF XB-8a QUTROARD WACELIE :):
W 6 WITH LEADINO-EDGF AIR INIETS :U
COMPLETE WODEL LOWER DUCT INIET 2
CONFYGURATION 1. DIT~COOLER IRFT-HAND ¥NGINF CPARGE-AA HUCT g
v Ay Awg y
ATRBLANE “n, top | Tpp |y A . Ty .
r,, EXIT %E' F%o ‘o, EXIT - ;g.c 0y E
1, (WTERNA TOTAL [EITERMAL i Tmrri, iy Tearme %
v [$)]
= o0l 09] 0.5260.0550 J0. 0315 |0, 0265 . 68 }0.292p0. 73k |0.L42) 0,01420,0137 |0.127 — 0.00640.0008
o| «589] .72 .05h8| .0761] .0213).66] .303| J709| 406 0138 .0127§ .120]— ] — | .006ly .0008
62 (6951 LBhe Lo051] L0B0Lf .0250].8k]| .300f .692] .392] L0135 .0120 2118 —{—| .0064 .0008
ol .767] 9204 0547 .0834] .0287) .63) .309| 682) .377] L0133 .0116] J122]—— | .0061] .0008
2l Japsli.oud Lo6o7| L1263] .0656) .62] .325] (667| .3k2] L0130 LOM1O| L129|——|——] .006 .0008
oo J9h3]1.12) J0699 | | ——].61] +357| «665] .308] .012§ .0108] .139] ™ [~ 0060 .00
UPPER DUCT INLET
ENQIRE AIN DUCT TEFT-HAND INTERCOOLFR DUCT
| Y 28 KX )
v g
’ :x:‘! %‘f‘ ",%" b, BT -33'— o L
L4 a 0 '3 o [
DAFFIX|AAFFLE BAFFIR|PAFFLE .
0.528p. 6510.131} 0.751{0.603] 0.038340.0368 0,20l b 562 |04358)] 0. 0066)0. 00
726 .69 »235| 700 611 .g_’d 203751 23515791 o3hli| 00681 .0048
A5l .65 ] L7l W607] <0379 .0380] .254].608 | #35k| 0068 40051
92h| .62 .179) 771l .592] .036X L0377 .312].631] .319] .0069] .005
1. Gl 2L6] L8291 L583] L0374 45T | .3T72| 697 | .325] 0067 »0060
«121) .66) .330] 896 .566] .0389 .0522) J1i53].768 | .315] .0067] (006
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WITH LEADING-EDQGE AYR INIETH

TARLE JX .- RERULTS OF COOLIRO AND DAAS TESTE OF ‘lq-ﬂCALl’. MODEL OF XB-38 ONYHOARD NACFLLE
NN A
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CONPIFTR MODEL LOWFR DUCT INLET
CONFIGUIATION 1 A[1-COOLER ENGINE CRARGE-ATR DUCTS
‘IRPLANE n, Cop | “ep ';2 '3_:_ %E" ¢
K EXIT Aqs" ﬂq.ro “n EXIT '}qlf ;3: "y
ol |mr:muq TOTAJ, [RXTERRAI m:gg PAFFLE TN S
0.1.09]0.5260. 1031 0.1692 10.0661. 10,99 0.4y76] 1.1840.7u5]0.0192|0.0383 0. 12| meeen | —=]0, 0123} 0. 0017
0| «589| 726} .10%36 | J17574% .0721{ 96| JL73{1.264 .687) .01y L0367 | L1AT femem | ] L0111] L0016
62| .695{ .84s|.2046 ] (1690 .08 ] .95] L69]|1.147 .672] .0181).0%62 | LUy |——m | =] .0110] .00
0] 2767 .92k] .1059 ) 1846 ) .0787] 95| .Loofr.129 .636) .0180].0360 | (UL |emmr | meem] L0110} L0016
B2] .875|1.045] «1117 ] .1913 | L0796].95 | .515f1.109 .590] .0177].0353 | 17| ——d ——=] .0207] .001§
Shaii.i21) 2222 ) .252% ) L1300 ).92] .552]1.099 .54L0] 0073) A0346 | L 16l | | mmem]| .0105] .00LE
UPPER BOCT INLET
ENGINE AJR DUCT TNTKRCOOLKER DUGTS
° ®XIT -EE- "r—'g" ‘o, FRIT -_:.E "9 D,
nnggul""m ° BA#:‘!’:.:]B-AFFLE ° ’
0,526 [ash p 167 0.70500.538 j0.0lr80] 0. 0435701103 ]o.872 0.4,690.016; |0.0211}
726,94 ). 267] -725] 548 OL8Y] .okho] .379] B84} .509 .0165] .0220
5] ol .27l | .726] W552 | Jou85| Joh6d JLol| .B96] .L9d .0165| .0223
92l | ok |.287 | gk o550 | LO4B0] L0469 -390 .909] .519 L0165 0250
1,045 .90].405 | .808] .4os | Lob53] L0509 LLo| .952] .50% .0X6L| .0255
2.121].88).5h1 ] .871 .330] .ouho] .056¢ 183 ] .997] 51| .0165] .0%1
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‘I_'AHL! X +~ REATLTR OF COOLING AND DRAC TESTS OF lj:‘-ﬂBAI.F. MODEL OF XPB-3A ONTRAOARD NACELLE
N 7 WITH LEADING-EDGE ATR INLETS
CONPLETE NODEL o LOWER DT IKIRT
CONETUHATION 2 A11-CONLER LEFT-RAND ENGINE (PARGE-AIR DICT
Y. LY Ag
ATHDPLARE . Cni op %rp Yo i %E- Te_b‘ &, T Aqf- "'."g:' cn‘
Al L ~ frreneay] Tom prvenmay g | EyTT e | RerT
.0[0.109 0-5'26r0-0116 0.0398 10,0282 1028 0. 101{0, 223 ] 0,122] 000671040026 | — Jo. 09l ] = B.0029]0.0003
0 .589) .726f .01L) | JOh4T7| .0333(.28] .050| ,166) .118 .go6d o012} ——| .027|——] .0a29] .0001
f2] +695] o945] L0116 ] L0492 .0576}.28) .okt 161 L1137 L0069 .oo1r]——| .029| — | .0029] .0001
.0] o767} 492L) L0118 40558 JOU0).27] OUS| ,151] 106 .006q .o010|—— | ,035| —| 0029/ .o002
82| .8751.045 L0130 ] .0896] Lo766).27] Lou6| 8| 109 L0064 .oon0f— | .039|— | .0029] .0001
0] .9435]3,121 00158 | —— ] ——].27] 048] .17} .09 .ooﬁﬂ 20010 — | .036] — | .0029| 0001
UMPER DUCT INLET
EAGINE AIR DUET IEFT-FAAND INTERCOOLFR DOCY
) :n ;31 T %
0
L] %_:; __E; cnl __:_:. F‘qro CD_‘
BARHIE ] EXIY RAFFLE § EXIT

0.52600.38[0,053] 0.34.90.296} 0. 02590, 0100 |0.012] 0,02100,009 | 0.0010] 0. 0000

.726] .38] .055] .55 .298] .026d .o102| .013] .02d .009| .oo10] .o0oo0d

&45] +38] .059) .359 .300| .026Y o104 | .015] .029 .009| .0OLO[ .0OOQ

92h) «39] .066] 364 .z02| 0264 .0108] .017] .024 .006] .00L0[ .00OO

1045 .29] .096] Ji0d .20l] 0264 .o120| .023| .03l .011| .OOL1] .0QOQ

l.221f kol Jaks| Wb7d .330] .0269 .0148) .039] 04§ .008| o011 .000
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TARLE XI .- RRAVLTS OF COOLING AND DRAG TESTS OF :,‘.nmm NODEL OF XB-36 ONTROARD NACFLLE
RUK B ) WITH LEADING-EDGE ATA [NLETH
CONPLETE WODEL LOWER DOCT INLET
CONFI GIMATION 2 OI1-COOLER IRFT-RAND ENOINE CEARGE-AIR DOCT
v. | _An ’ Al
AYRPLANE €, Cpe | 0 | ¥ Y .
A € A q c
(1] __EI_:__ ﬂ?; D, TE' ;-;_; ,
el By RTFRNAL] TOTAL [RXTEANAT paste | xT e | By
00.104]0,.526] 0,0L580,0695 j0,0239 b, 590,137 |0,5680+431|0. 0138 b.oook | — bp.0%9 - . 0062 |0,0002
h0) .589] o726 0459 0695 .0236] .58 135 .530) .395] .0135) L0085 ™ | 4OL5] T | 0061} 000
2] «695] J845] ohé7 .0725) «0258) .57 e231] o516 .385] .0033) 0081 |——| .oh2| ™| .0061| 000
O] .7671 .92 JOh7d 0778 «0305] «56] «130] 504 .378) L0132] 0079 | —— | .01l 1} .0061] ,0002
0,2 «875)2.0h5 <oh87 0984 | J0u9T| .56) L128| b9 .365] L0129) woO7h | T { ,oh1]| | .0060] .oc02

0] -oh3[1.12y o5l ' 55| +229] 4184 ,357] ,0127] .0072 e .0060] .000

UPPER DUCT IRLEY

ENOINE AIR DUCT LEFT-QAND INTERCOOLFR DOCT
Ag AR
€l "’n P e
0 o ¢
° A} q p Ae Q D
sl 0 IS W | | !
MHTE] T sk | e

fo.526]0. 5800, 088k0.716l0.628 0.0 0320 J0a166 [0.51210.346 J0.0069 0,002
726) «59] .090] 722 4632 | +0350] 0330 | 265 | J527).362 | 40070] OO
5] 60| 093] o732 J639 | L035L} L0341 | L1261 | 4537] 576 | L0070 L0045
92l .60} +092] «738] J6h6 | 0357 +0348 | 2271 | J5L6) W3T75 | <0070 L0046
h.obsl L61] .115] .756) .6t | .0361] L0365 | 180 { .562].582 | LQ070| .OOLB
1,121) .63} L7} L8051 ,658 1 .037hl .0h18 | .269] ,582] .313 ] .0070] 0050
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TABLE X1T .~ REBULTS OF COOLING AKD DRAG TEBTS OF 'i}'-BCALR NODEL OF XB-38 QUTROARD RACELLE
LI R=9.28210° (ro7) WITA LEADING-EDAGE AIR INIETS
COMPIETE VODEL LOWER DUCT INLET
CORFIGORATION 2, ntr.-cao[.:l IEFT-HAND ENGINE CHARGE-ALR DUCT
ATRPTANE . n, Cop | Cnp --::- —e'g“ " F% 6 'Aq%"' el o ‘,
9, o ! a, | v, 1
1 INTERNAL] TOTAL [EXTERNAL awwe | wxae otk | e
05260, 0065 10,0730 10,0265 6,57 0,539 — 10,013k 10, 0086] — 0,025 —|0.0059] ¢.0002,
..;j .59 724 .ouso | .ores| oasol.s6f 3 | wod —1 .onsel ooyl —[ ool —] ,q0sf om0
§£| <695) .85 .OhT75 | ,0727] .0252].55] & | Lb6fl—| .0130] .oo7h{——]| .019|——1 .0058] .000),
20 .767) .92l .O75] »0769) .020L}.55] & | Jrgl =™ .0328) .o07a] | 019~ .0058] .0001
g8.2] .875{1.009 ooz | Loo77| cou8s|shl T | Jugol— | .0126] .oos8l—| .028]— | .o0s8] .o0o1
0.0 -943)1.121) L0519] — 453 J66l | Loa2k] Looe7} —| .021] —| .0058] L0001
) UPPER DUGT INLET
ENGIRE AIR DUCT LEFT-RAND INTERCOOLER DUCT
* Tv:. -!:_'l:' A %—E‘ Cp
| A |
RAFFLE] VXIT BAMMIK § EXTT
#52610,59 0,739 — 100346} 0,0337 0.517] — 10,0069 ]0.0
«726].60] B | 7o}~ .0356] 0348 4 | «535|—] .0070]| .
Ay5] .61 g Jhél—1 .0359] .0355 g 548 —| J0071] 0006
o) 6a) 2 | .yz)——] .0359] L0356] F | .563]—] L0071 ] .0
h sl g2l ® | g6l 0363} o570 * | .sorl =1 .0073] .0
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TABLE XYII .. REBULTS 0OF GOOLING AND DRAG TESTS OF
TN 10

W1TA LEADING-EDGE ATR INLETS

1
14

~BCALF WODEL OF XW-3@ OUTAOARD KACRLLE

CONPIETE WODEL
CONFIGIRATION 2.

LOWER DNCT JNLET

0LI=-CONLER

KNGINE CHARGE-AIR DOCTS

A TAPTANE
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o

€1

¢

Py

;14
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Yy
qD

[
L

[rérenway

TOTAL

FITEBFAI
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EXIT
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An

TAFETH

EXIT
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2409

0'526 _'_0793

0,099910

40206

0890

»11900.870

0,751

+01.89

0.02)2

0.085

0,012}

00010

<589

J726] L0770

20991

<0217

.87

l126 0@58

-712

+0183

+0219

083

«0112

10009

1695

45| 0766

+0987

o 12

«826

+687
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«0206

«090

«0111

+0010

o767

924 L0772

0

996

= I

«1341 798

N

0176

<019

+089

+0110

+0010

875

1,045 .0797

1158

+0%62

.83

+ 150

OL7h

»01.8%

[T

«102

»0108

»0011

1.123 ,0856

s 1765
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81

16

.78;i o631,
Il <607

0169

+00.77

+125
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.0015

OPPER BUCT INLET
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ERGINE AIR

puct
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